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(54) Protection switching method and apparatus for passive optical network system 



(57) In a protection switching method for a passive 
optical network system, a communication abnormality is 
detected in at least one active-system virtual path 
established between an optical line terminal and a sub- 
scriber terminal through a transmission path and a net- 
work unit. When a communication abnormality is 
detected in an active-system virtual path, a switch is 



controlled to switch the transmission paths to establish 
a standby-system virtual path between the optical line 
terminal and the subscriber terminal as a communica- 
tion partner A protection switching apparatus for a pas- 
sive optical network system is also disclosed. 
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[0001] The present invention relates to a protection 
switching method and apparatus for a PON (Passive 
Optical Network) system in which a plurality of ONUs 
(Optical Network Units) are star-connected to an OLT 
(Optical Line Terminal) through a photocoupler. 
[0002] Fig. 24 shows the basic arrangement of a 
PON system. 

[0003] As shown in Fig. 24, in an OLT 106, a trans- 
mission/reception section 101 is connected to a port of 
a switch (SW) 104, and the transmission/reception sec- 
tion 101 is connected to transmission/reception sec- 
tions 103-1 to 103-nof a plurality of ONUs 107-1 to 107- 
n through a photocoupler 102 and optical fibers 1 12-1 to 
1 12-n. The ONUs 107-1 to 107-n are star-connected to 
the single OLT 106. 

[0004] The transmission/reception sections 103-1 
to 103-n of the ONUs 107-1 to 107-n are respectively 
connected to subscriber terminals 109-1 to 109-n. 
When the transmission/reception section 101 of the 
OLT 106 is to communicate with one of the subscriber 
terminals 109-1 to 109-n, a control section 110 of the 
OLT 106 controls switching operation of the switch 104. 
With this operation, identical signals are distributed from 
the photocoupler 102 to the ONUs 107-1 to 107-n 
through the optical fibers 1 12-1 to 1 12-n, and one of the 
ONUs 1 07- 1 to 1 07-n extracts the signal upon determin- 
ing that the signal is self-addressed. 
[0005] Assume that the ONU 1 07- 1 determines that 
the signal is self -addressed. In this case, when a virtual 
path is established between the subscriber terminal 
109-1 and the transmission/reception section 101 of the 
OLT 106, the transmission/reception section 101 of the 
OLT 106 can communicate with the subscriber terminal 
109-1. That is, the transmission/reception section 101 
of the OLT 106 can communicate with the subscriber 
terminal 109-1 through the photocoupler 102, optical 
fibers 112-1 to 112-n, and the transmission/reception 
section 103-1 of the ONU 107-1. 
[0006] Fig. 25 shows a dual arrangement designed 
to ensure the reliability of a PON system having such an 
arrangement In the dual arrangement shown in Fig. 25, 
an OLT 106 has sections of two systems, i.e., a 0-sys- 
tem transmission/reception section 101a and 1 -system 
transmission/reception section 101b. Likewise, ONUs 
107-1 to 107-n respectively have sections of two sys- 
tems, i.e., 0-system transmission/reception sections 
103- 1a to 103-na and 1 -system transmission/reception 
sections 103-1b to 103-nb. In order to implement two 
systems in this manner, the OLT 106 has a selector 
(SEL) 105 in addition to a switch 104 and control section 
110. 

[0007] The SEL 105 selectively switches between 
the 0-system transmission/reception section 101a and 
1-system transmission/reception section 101b to con- 
nect the 0-system transmission/reception section 101a 
to the 0-system transmission/reception sections 103-1 a 
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to 103-na of the ONUs 107-1 to 107-n through a photo- 
coupler 102a and optical fibers 112-1a to 112-na. In 
addition, the 1-system transmission/reception section 
101b of the OLT 106 is connected to the 1 -system trans- 
5 mission/reception sections 103- 1b to 103-nb of the 
ONUs 107-1 to 107-n through optical fibers 112-1b to 
112-nb. 

[0008] The 0-system transmission/reception sec- 
tions 103-1 a to 103-na and 1-system transmis- 

10 sion/reception sections 103-1b to 103-nb of the ONUs 
107-1 to 107-n are respectively selected by SELs 108-1 
to 108-n of the ONUs 107-1 to 107-n in accordance with 
selection of 0-system or 1 -system by the SEL 1 05 of the 
OLT 106. The selected 0-system transmission/reception 

15 sections 103-1 a to 103-na or 1-system transmis- 
sion/reception sections 103-1b to 103-nb are respec- 
tively connected to subscriber terminals 109-1 to 109-n. 
[0009] Assume that the PON system is operating 
with the 0-system transmission/reception section 101a 

20 and 0-system transmission/reception sections 103-1 a 
to 103-na belonging to an active system, and the 1 -sys- 
tem transmission/reception section 101b and 1-system 
transmission/reception sections 103-1b to 103-nb 
belonging to a standby system. 

25 [0010] Note that the terms M 0-system" and "1 -sys- 
tem" are added to physically identify the respective sec- 
tions. However, the 0-system transmission/reception 
section 101a and 0-system transmission/reception sec- 
tions 103-1 a to 103-na do not always belong to the 

30 active system, and the 1 -system transmission/reception 
section 101b and 1-system transmission/reception sec- 
tions 103-1b to 103-nb do not always belong to the 
standby system. That is, the 0-system and 1 -system are 
irrelevant to the active and standby systems. The active 

35 system is a currently used system, and the standby sys- 
tem is a system that is used upon switching from the 
active system. 

[0011] Assume that the 0-system is an active sys- 
tem in the following description. Referring to Fig. 25, the 

40 o-system transmission/reception section 101a of the 
OLT 106 is now capable of communicating with the sub- 
scriber terminals 109-1 to 109-n through the photocou- 
pler 102a, the 0-system transmission/reception sections 
103-1ato 103-na and SELs 108-1 to 108-n of the ONUs 

45 107-1 to 107-n. Assume that a virtual path is estab- 
lished between the subscriber terminal 109-1 and the 0- 
system transmission/reception section 101a of the OLT 
106 through the photocoupler 102a and transmis- 
sion/reception section 103-1 a and SEL 108-1 of the 

so ONU 107-1, and the 0-system transmission/reception 
section 101a is now communicating with the subscriber 
terminal 109-1. 

[0012] When an abnormality occurs in the virtual 
path between the subscriber terminal 109-1 and the 0- 
55 system transmission/reception section 1 01 a of the OLT 
106 during this communication owing to some cause, 
no data is transmitted from the subscriber terminal 1 09- 
1 to the 0-system transmission/reception section 101a 
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of the OLT 106. As a result the 0-system transmis- 
sion/reception section 101a detects the occurrence of 
the abnormality in the virtual path, and sends a warning 
signal to the control section 110. 

[0013] Upon reception of the warning signal, the s 
control section 1 10 outputs a switching instruction to the 
SEL 105 to switch from the 0-system transmis- 
sion/reception section 101a to the 1 -system transmis- 
sion/reception section 101b. With this operation, all the 
virtual paths between the OLT 106 and subscriber ter- 10 
minals 109-1 to 109-n are switched to the 1 -system at 
once. That is, virtual paths are established between the 
1 -system transmission/reception section 101b of the 
OLT 106 and the subscriber terminals 109-1 to 109-n 
through the photocoupler 102b, optical fibers 1 12-1b to is 
1 1 2-nb, and the 1 -system transmission/reception sec- 
tions 103-1b to 103-nb and SELs 108-1 to 108-n of the 
ONUs 107-1 to 107-n. 

[0014] With this operation, the communication 
between the OLT!T06 and;the subscriber terminal 109- 20 
1, which has been interrupted due to the occurrence of 
the abnormality, is resumed upon switching to the virtual 
path constituted by the 1 -system transmission/reception 
section 101b. photocoupler 102b, optical fiber 112-1b. 
and 1 -system transmission/reception section 103- 1b 25 
and SEL 108-1 of the ONU 107-1. 
[0015] Fig. 26 shows another example of the dual 
arrangement of a conventional OPN system. 
[0016] In the arrangement shown in Fig. 26, control 
sections 1 1 1 -1 to 1 1 1 -n are added to the ONUs 107-1 to 30 
107-n in Fig. 25. These control sections 111-1 to 111-n 
control SELs 108-1 to 108-n to switch (select) between 
0-system transmission/reception sections 103-1 a to 
103-na and 1 -system transmissiorVreception sections 
1 03-1 b to 103-nb. Since the arrangement of the remain- 35 
ing portion is the same as that in Fig. 25, the same ref- 
erence numerals as in Fig. 25 denote the same parts in 
Fig. 26. and a description thereof will be omitted. 
[001 7] Assume that as in the case shown in Fig. 25, 
a fault has occurred in one of the following components 40 
of the 0-system: a transmission/reception section 101a, 
photocoupler 1 02a. optical fibers 1 1 2-1 a to 1 1 2-na, and "•• 
the transmission/reception sections 103-1 a to 103-na of 
ONUs 107-1 to 107-n, while the PON system is operat- 
ing with the 0-system serving as an active system, and 45 
the 1 -system serving as a standby system. 
[0018] The 0-system transmission/reception sec- 
tion 101a always monitors signals between the OLT 106 
and ONUs 107-1 to 107-n, and notifies a control section 
1 10 of the OLT 106 of an abnormality upon detecting a so 
signal abnormality. Upon reception" of the abnormality 
notification, the control section 110 outputs a switching 
command to an SEL 105 of the OLT 106 to switch the 
transmission path from the 0-system to the 1 -system. 
As a consequence, connection between the OLT 106 ss 
and the ONUs 107-1 to 107-n is restored by using the 1- 
system optical transmission path. 
[0019] Upon outputting the switching command to 
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the SEL 105, the control section 110 outputs switching 
commands to the ONUs 107-1 to 107-n through the 1- 
system connection, i.e., the SEL 105-1, 1 -system trans- 
mission/reception section 101b, photocoupler 102b, 
and the 1 -system transmission/reception sections 103- 
1b to 103-nb of the ONUs 107-1 to 107-n. With this 
operation, the control sections 111-1 to 111-n of the 
ONUs 107-1 to 107-n control switching operation of the 
SELs 108-1 to 108-n to restore the transmission paths 
to subscriber terminals 109-1 to 109-n. 
[0020] In each of the dual arrangements of the con- 
ventional PON systems shown in Figs. 25 and 26, how- 
ever, even if a fault occurs in only the 
transmission/reception 103-1a of the 0-system ONU 
107-1 , which is part of the PON system, the overall PON 
system must be simultaneously switched from the 0- 
system to the 1 -system in order to restore a path under 
communication. That is, switching is performed even for 
the ONUs 107-2 to 107-n that are operating normally. 
As a result, the communication quality deteriorates due 
to short breaks and the like caused in this operation. 
[0021] In each of the arrangements of the conven- 
tional PON systems shown in Figs. 25 and 26, the active 
and standby systems are physically discriminated from 
each other, and the standby system cannot be used 
until it is selected by the SEL 105. In addition, the active 
system is switched to the standby system by only inter- 
changing the physical transmission paths, and only the 
same connection as the preceding connection is 
restored. 

[0022] A star type light subscriber transmission 
device using a star coupler is disclosed in JP-A-05- 
153053 (reference 1). According to reference 1. a fault 
detection circuit and fault detection signal generation 
circuit are connected to the terminal on an N branching 
side of the star coupler having a branching of 2 : N via 
an optical directional coupler. A first-station-side light 
subscriber transmission device is connected to one ter- 
minal of the branching side of the star coupler, and a 
fault detection signal extraction circuit and a second- 
station-side light subscriber transmission device are 
connected to the other terminal via an optical branching 
device. The first- and second-station-side light sub- 
scriber transmission devices are switched and control- 
led by a selection circuit which received the output 
signal from the fault detection signal extraction circuit. 
[0023] A dual changeover system using a star cou- 
pler is disclosed in J P- A- 10-294753 (reference 2). 
According to reference 2, a phase difference calculation 
means calculates a reception phase difference between 
an active-system transmission/reception section and a 
standby-system transmission/reception section of a 
subscriber-side device while the reception states of the 
active-system transmission/reception section and 
standby-system transmission/reception section are nor- 
mal. A pointer control means then calculates a standby- 
system transmission phase by using the calculated 
reception phase difference and the active-system trans- 
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mission phase. 

[0024] In references 1 and 2, there is no description 
about switching of only a virtual path having undergone 
a fault to the standby system, and there is provided no 
solution to the above problem associated with switching s 
of normal virtual paths. 

[0025] It is an object of the present invention to pro- 
vide a protection switching method and apparatus for a 
PON system, which can easily switch only a path to be 
restored to a standby-system path without affecting w 
communication through normal virtual paths in the PON 
system. 

[0026] In order to achieve the above object, accord- 
ing to the present invention, there is provided a protec- 
tion switching method for a passive optical network is 
system including an optical line terminal for switching 
between a first active-system transmission/reception 
section and a first standby-system transmission/recep- 
tion section by using a switch, a plurality of network 
units for selectively connecting second active-system 20 
transmission/reception sections and second standby- 
system transmission/reception sections to subscriber 
terminals upon switching the sections through selectors 
in the event of a communication abnormality, and trans- 
mission paths for star-connecting the second active- 2s 
system transmission/reception sections to the first 
active-system transmission/reception section, and also 
star-connecting the second standby-system transmis- 
sion/reception sections to the first standby-system 
transmission/reception section, comprising the steps of 30 
detecting a communication abnormality in at least one 
active-system virtual path established between the opti- 
cal line terminal and the subscriber terminal through the 
transmission path and the network unit, and upon 
detection of a communication abnormality in the active- 35 
system virtual path, causing the switch to switch the 
transmission paths to establish a standby-system virtual 
path between the optical line terminal and the sub- 
scriber terminal serving as a communication partner. 

40 

Fig. 1 is block diagram showing a protection switch- 
ing apparatus for a PON system according to the 
first embodiment of the present invention; 
Fig. 2 is a block diagram showing virtual paths 
established between an OLT and subscriber termi- 4S 
nals in the protection switching apparatus in Fig. 1 ; 
Fig. 3 is a block diagram showing a normal estab- 
lished state of virtual paths between the OLT and a 
plurality of subscriber terminals in the protection 
switching apparatus in Fig. 1 ; so 
Fig. 4 is a block diagram for explaining the flows of 
ATM signals in the normal established state in Fig. 
3; 

Fig. 5 is a block diagram showing a state wherein 
an abnormality has occurred in a virtual path (VP1 ) ss 
in the normal established state in Fig. 3; 
Fig. 6 is a block diagram showing a state wherein a 
new virtual path (VP2a) is established from the 
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abnormal state in Rg. 5; 

Fig. 7 is a block diagram showing the flows of ATM 
signals in the established state of the new virtual 
path (VP2a) in Fig. 6; 

Fig. 8 is a block diagram showing the operation of a 
selector of an ONU at the time of switching to the 
new virtual path (VP2a) in Fig. 6; 
Fig. 9 is a block diagram showing a protection 
switching apparatus for a PON system according to 
the second embodiment of the present invention; 
Fig. 10 is a block diagram showing virtual paths 
established between an OLT and subscriber termi- 
nals in the protection switching apparatus in Fig. 9; 
Fig. 1 1 is a block diagram showing the first virtual 
path setting example in the protection switching 
apparatus in Fig. 10; 

Rg. 12 is a block diagram showing the second vir- 
tual path setting example in the protection switching 
apparatus in Fig. 10; 

Rg. 13 is a block diagram showing the third virtual 
path setting example in the protection switching 
apparatus in Fig. 10; 

Rg. 14 is a block diagram showing the fourth virtual 
path setting example in the protection switching 
apparatus in Fig. 10; 

Rg. 15 is a block diagram showing a protection 
switching apparatus for a PON system according to 
the third embodiment of the present invention; 
Rg. 16 is a block diagram showing a protection 
switching apparatus for a PON system according to 
the fourth embodiment of the present invention; 
Fig. 17 is a block diagram showing virtual paths 
established between an OLT and subscriber termi- 
nals in the protection switching apparatus in Fig. 
16; 

Fig. 18 is a block diagram showing a normal estab- 
lished state of virtual paths between the OLT and a 
plurality of subscriber terminals in the protection 
switching apparatus in Fig. 16; 
Fig. 1 9 is a block diagram showing the flows of ATM 
signals in the normal established state in Fig. 16; 
Fig. 20 is a block diagram showing a state wherein 
an abnormality has occurred in a virtual path (VP1) 
in the normal established state in Fig. 16; 
Rg. 21 is a block diagram showing a state wherein 
a new virtual path (VP2a) is established from the 
abnormal state in Fig. 20; 

Rg. 22 is a block diagram showing the flows of ATM 

signals in the state wherein the new virtual path 

(VP2a) is established in Fig. 21 ; 

Rg. 23 is a block diagram showing the operation of 

a selector of each ONU at the time of switching to 

the new virtual path (VP2a) in Fig. 21 ; 

Rg. 24 is a block diagram showing the basic 

arrangement of a PON system; 

Rg. 25 is a block diagram showing the first example 

of a conventional PON system having a dual 

arrangement; and 
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Fig. 26 is a block diagram showing the second 
example of a conventional PON system having a 
dual arrangement. 

[0027] The present invention will be described in 5 
detail below with reference to the accompanying draw- 
ings. 

[0028] Fig. 1 shows a protection switching appara- 
tus for a PON system according to the first embodiment 
of the present invention. Referring to Fig. 1 , an OLT 6 10 
incorporates a switch 4, 0-system transmission/recep- 
tion section la, and 1 -system transmission/reception 
section 1b. 

[0029] The 0-system transmission/reception sec- 
tion 1a and 1 -system transmission/reception section 1b is 
detect the communication states of virtual paths estab- 
lished between the "OLT 6 arid subscriber terminals 91 
to 9n connected to ONUs (Optical Network Units) 71 to 
7n, and send warning signals to a control secitibn 10^ U i 
The 0-system transmission/reception section 1a and 1 : ~ "id 
system transmission/reception section 1b are con- 
nected to different ports of the switch 4. The switch 4 
switches virtual paths to be established under the con- 
trol of the control section 10. The switch 4 and control 
section 10 constitute a virtual path establishment 25 
switching means. 

[0030] Assume that virtual paths constitute an ATM 
(Asynchronous Transfer Mode) PON in thi£ embodi- 
ment. Note that a virtual path is a bundle of virtual chan- 
nels, and switching of connections using virtual 30 
channels can be executed in the same manner as 
described above. 

[0031] The 0-system transmission/reception sec- 
tion 1a and 1 -system transmission/reception section 1b 
are respectively connected to photocouplers 2a and 2b. 35 
The photocoupler 2a is connected to 0-system trans- 
mission/receptions 31a to 3na of the ONUs 71 to 7n 
through optical fibers 11a to 1na. That is, the ONUs 71 
to 7n are star-connected to the photocoupler 2a (the 0- 
system transmission/reception section 1 a of the OLT 6). 40 
Likewise, the photocoupler 2b is connected to 1 -system 
transmission/receptions 31b to 3nb of the ONUs 71 to 
7n through optical fibers 21b to 2nb. That is, the ONUs 
71 to 7n are star-connected to the photocoupler 2b (1- 
system transmission/reception section 1 b of the OLT 6). 45 
[0032] The ONUs 71 to 7n respectively include 
SELs 81 to 8n for making connection to the subscriber 
terminals 91 to 9n by switching from the 0-system trans- 
mission/receptions 31 a to 3na to the 1 -system transmis- 
sion/receptions 31b to 3nb (or switching in the reverse so 
direction) in accordance with switching request signals 
transmitted from the OLT 6. Switching request signals 
from the OLT 6 are sent from the control section 10 to 
the ONUs 71 to 7n through the optical fibers 1 1 a to 1 na 
or optical fibers 21b to 2nb at the time of virtual path ss 
switching control by the switch 4. 
[0033] The operation of the protection switching 
apparatus having the above arrangement will be 



described next, assuming that the 0-system and 1 -sys- 
tem respectively serve as an active system and standby 
system. Fig. 2 shows a case wherein a virtual path is 
established to allow communication between the sub- 
scriber terminal 91 and the OLT 6. 
[0034] Referring to Fig. 2, when the 0-system trans- 
mission/reception section 1a of the OLT 6 is connected 
to the 0-system transmission/reception section 31a of 
the ONU 71 through the photocoupler 2a and optical 
ffoer 11a, a virtual path VP1a is established between 
the subscriber terminal 91 and the 0-system transmis- 
sion/reception section la of the OLT 6 in accordance 
with the setting of the switch 4. When the 1 -system 
transmission/reception section 1b of the OLT 6 is con- 
nected to the 1 -system transmission/reception section 
1b of the ONU 71 through the photocoupler 2b and opti- 
cal fiber 21b, a virtual path VP 1b is established between 
the subscriber terminal 91 and the 1 -system transmis- 
sion/reception section 1b of the OLT 6 in accordance 
with thie setting of the switch 4. 

[0035] In the case shown in Fig. 2, the subscriber 
terminal 91 can communicate with either the 0-system 
transmission/reception section 1a or the 1 -system 
transmission/reception section 1b of the OLT 6. 
[0036] Switching operation from an active-system 
virtual path under normal communication operation to a 
standby-system virtual path will be described next with 
reference to Fig. 3. 

[0037] Referring to Fig. 3, the bold lines indicate 
established virtual paths VP1 and VP2. The virtual path 
VP1 is established by the following route: switch 4 - 0- 
system transmission/reception section 1a of the OLT 6 - 
photocoupler 2a - optical fiber 1 1a - 0-system transmis- 
sion/reception section 31a of the ONU 71 - SEL 81 - 
subscriber terminal 91. Communication is performed 
between the subscriber terminal 91 and the 0-system 
transmission/reception section 1a of the OLT 6 through 
the virtual path VP1. 

[0038] The virtual path VP2 is established by the 
following route: switch 4 - 0-system transmission/recep- 
tion section 1 a of the OLT 6 - photocoupler 2a - optical 
fiber 12a - 0-system transmission/reception section 32a f 
of the ONU 72 - SEL 82 - subscriber terminal 92. Com- 
munication is performed between the 0-system trans- 
mission/reception section 1a and the subscriber 
terminal 92 through the virtual path VP2. 
[0039] Referring to Fig. 3, therefore, the virtual path 
VP1 takes charge of communication between the OLT 6 
and the subscriber terminal 91 , and the virtual path VP2 
takes charge of communication between the OLT 6 and 
the subscriber terminal 92. 

[0040] In such a normal communication state, the 
switch 4 operates in the manner shown in Fig. 4. Refer- 
ring to Fig. 4, ATM cell #1 to be transmitted to the ONU 
71 is transmitted to the 0-system transmission/reception 
section 31a of the ONU 71 through the switch 4, 0-sys- 
tem transmission/reception section 1a, photocoupler 
2a, and virtual path VP1. ATM cell #2 to be transmitted 
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to the ONU 72 is transmitted to the 0-system transmis- 
sion/reception section 32a of the ONU 72 through the 
switch 4, 0-system transmission/reception section 1a, 
photocoupler 2a. and virtual path VP2. 
[0041] In this case, both ATM cells #1 and #2 pass 
through the 0-system transmission/reception section 1a 
of the OLT 6. In accordance with the values of headers 
H1 and H2 of ATM cells #1 and #2, the switch 4 outputs 
ATM cells #1 and #2 to the corresponding ports. 
[0042] When an abnormality (e.g., disconnection) 
occurs in the virtual path VPl between the 0-system 
transmission/reception section 31a of the ONU 71 and 
the photocoupler 2a as indicated by an "X" in Fig. 5 in 
the above normal communication state, only a signal 
from the ONU 71 does not arrive at the 0-system trans- 
mission/reception section 1a of the OLT 6. The O-sys- 
tem transmission/reception section 1a of the OLT 6 
therefore detects an abnormality in the communication 
state of the virtual path VP1 , and sends a warning sig- 
nal to the control section 10. 

[0043] Upon reception of the warning signal, the 
control section 10 controls the switch 4 to change the 
setting of the virtual path. With this operation, the switch 
4 switches the virtual path VP1 to the virtual path VP1a, 
as shown in Fig. 6. That is, the virtual path VP 1a is 
established by the following route: 1 -system transmis- 
sion/reception section 1b of the OLT 6 - photocoupler 2b 

- optical fiber 21b - 1 -system transmission/reception 
section 31b of the ONU 71. As a consequence, the 
communication between the OLT 6 and the ONU 71 is 
resumed. 

[0044] At this time, the virtual path VP2 is kept used 
for the communication between the OLT 6 and the ONU 
72 without being affected. 

[0045] Fig. 7 shows the flows of signals through the 
switch 4 at the time of switching from the virtual path 
VP1 to the virtual path VP 1a in Fig. 6. 
[0046] Referring to Fig. 7, in accordance with the 
setting of a virtual path with respect to the switch 4, ATM 
cell #1 to be transmitted to the ONU 71 is transmitted to 
the virtual path VPla formed by the following route: 
switch 4 - 1 -system transmission/reception section 1b of 
the OLT 6 - photocoupler 2b - optical fiber 21b. ATM cell 
#2 to be transmitted to the ONU 72 is transmitted to the 
virtual path VP2 formed by the following route: switch 4 

- 0-system transmission/reception section 1a of the OLT 
6 - photocoupler 2a - optical fiber 12a - 1 -system trans- 
mission/reception section 32a of the ONU 72. 

[0047] In this case, in accordance with the values of 
the headers H1 and H2 added to ATM cells #1 and #2, 
ATM cells #1 and #2 are distributed to the correspond- 
ing ports of the switch 4. 

[0048] The operation of the SEL 81 of the ONU 71 
at the time of the above switching from the virtual path 
VPl to the virtual path VP1a will be described next with 
reference to Fig. 8. 

[0049] Referring to Fig. 8, the control section 10 
transmits a switching request signal for the SEL 81 to 



10 

the ONU 71 through the virtual path VP 1a established 
by the control operation of the switch 4. Upon reception 
of the switching request signal from the OLT 6, the ONU 
71 selects and connects the SEL 81 through the 1-sys- 

5 tern transmission/reception section 31b, thus connect- 
ing the subscriber terminal 91 to the 1 -system 
transmission/reception section 31b through the SEL 81 . 
[0050] With this operation, a signal from the 1 -sys- 
tem transmission/reception section 31b of the ONU 71 

10 is transmitted to the subscriber terminal 91 through the 
SEL 81. As a result, the communication between the 
OLT 6 and the subscriber terminal 91 is resumed 
through the virtual path VPla. 

[0051] Fig. 9 shows a protection switching appara- 
15 tus for a PON system according to the second embodi- 
ment of the present invention. The same reference 
numerals as in Fig. 1 denote the same parts in Fig. 9. 
[0052] v ; The arrangement of an OLT 6 in Fig. 9 is the 
same as that in Fig. t; In the OLT 6, a 0-system trans- 
it? mission/reception section 1a and 1 -system transmis- 
sion/reception section 1b are connected to different 
ports of a switch 4. The 0-system transmission/recep- 
tion section 1a of the OLT 6 is connected to a photocou- 
pler 2a and connected to 0-system 
25 transmission/receptions 31a to 3na of ONUs 71 to 7n 
through the photocoupler 2a and optical fibers 11a to 
11na. The 1 -system transmission/reception section 1b 
of the OLT 6 is connected to a photocoupler 2b and con- 
nected to 1 -system transmission/receptions 31b to 3nb 
30 of the ONUs 71 to 7n through the photocoupler 2b and 
optical fibers 21b to 2nb. 

[0053] In this connection arrangement, the 0-sys- 
tem transmission/reception section 1a of the OLT 6 
exchanges signals with the 0-system transmis- 

35 sion/receptions 31a to 3na of the ONUs 71 to 7n. The 
photocoupler 2a branches an optical signal from the 0- 
system transmission/reception section 1a into signals to 
the optical fibers 1 1a to 1 1 na so as to transmit them to 
the 0-system transmission/receptions 31a to 3na in the 

40 ONUs 71 to 7n. Ukewise. the 1 -system transmis- 
sion/reception section 1b of the OLT 6 exchange signals 
with the 1 -system transmission/receptions 31b to 3nb of 
the ONUs 71 to 7n. The photocoupler 2b branches an 
optical signal from the 1 -system transmission/reception 

45 section 1 b into signals to the optical f foers 2 1 b to 2nb so 
as to transmit them to the 1 -system transmission/recep- 
tions 31b to 3nb of the ONUs 71 to 7n. 
[0054] The ONUs 71 to 7n respectively incorporate 
SELs 81 to 8n as in the arrangement shown in Fig. 1. 

so The SELs 81 to 8n select signals from the 0-system 
transmission/receptions 31a to 3na or 1 -system trans- 
mission/receptions 31b to 3nb and output them to sub- 
scriber terminals 91 to 9n The 0-system 
transmission/reception section 1a and 1 -system trans- 

55 mission/reception section 1b of the OLT 6 have the 
function of always monitoring signals. With this function, 
each of the 0-system transmission/reception section 1a 
and 1 -system transmission/reception section 1b detects 
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an abnormality in a transmission path and notifies the 
control section 10 of the abnormality. 
[0055] Upon reception of the abnormality from the 
0-system transmission/reception section 1a or 1 -system 
transmission/reception section 1b, the control section 
10 outputs a switching control signal to the switch 4. 
Upon reception of the switching control signal from the 
control section 10, the switch 4 discriminates header 
information, and outputs an input ATM cell to a corre- 
sponding port. 

[0056] The ONUs 71 to 7n respectively incorporate 
controls sections 111 to I1n. The 0-system transmis- 
sion/receptions 31 a\ to 3na and 1 -system transmis- 
sion/receptions 31b to 3rib of the ONUs 71 to 7n notify 
the controls sections 111 to 11n of switching? request 
signals transmitted from the OLT 6 through transmission 
paths. Upon notification of the switching request sig- 
nals, the controls sections 1 1 i to 1 1n perform switching 
control on the SELs 81 to 8n. 

[0057] As shown in Fig. 10, therefore, when a vir- 
tual path is to be established to exchange signals with 
the subscriber terminal 91 through the ONU 71 , a route 
running through the i 0-system transmission/reception 
section la of the OLT 6, i.e.. a virtual path VP 1a, and a 
route running through the 1 -system transmission/recep- 
tion section 1b of the OLT 6. i.e.. virtual path VP1b, can 
be selectively used. 

[0058] v: With this arrangement, therefore, when any 
one of the transmission elements constituting the 
active-system virtual path fails, the standby-system vir- 
tual path is selected by switching the virtual paths at the 
switch 4, thereby resuming the communication with the 
target subscriber through a transmission path that is 
physically different from the faulty path. ; 
[0059] Since the 0-system transmission/reception \ 
section 1a and 1 -system transmission/reception section 
1b are connected to different ports of the switch 4 in the 
OLT 6, the two virtual paths VP1a and VP1b can be set 
to have different bands. In addition, since the resources 
of the two systems, i.e. , the 0-system and 1 -system, can 
be selectively used, one of the systems through which 
an active virtual path is to be established can be arbi- 
trarily determined. By using these features, flexible net- 
work design like that described below can be realized. 
[0060] In the first example of this case, a standby- 
system virtual path having a band narrower than that of 
an active-system virtual path is prepared through one 
route, and the remaining band is used for services. By 
setting a limitation that minimum services are ensured 
in the event of a fault in this manner, the total band allo- 
cated to the physical resources of the 0-system and 1- 
system is effectively distributed. This makes it possible 
to use a broader band for services than in a case 
wherein the resources of only one system are fully 
used. 

[0061] In the second example, since faufts do not 
always occur in all virtual paths in operation at once, 
there is no need to always ensure a band for setting 



standby-system virtual paths for all the active-system 
virtual paths. That is, a given band is ensured as a com- 
mon standby band for all virtual paths in operation, and 
is used for only a virtual path having undergone a fault 

5 to set a standby-system virtual path. 

[0062] This makes it possible to broaden the band 
that can be used for services as compared with a case 
wherein a band is ensured for standby-system virtual 
paths in a one-to-one correspondence with all active- 

10 system virtual paths. If a band broader than the com- 
mon standby-system band is required in case faults 
have occurred in a plurality of virtual paths at once, the 
band for virtual paths in normal operation is limited to 
ensure a necessary band for virtual paths. 

is [0063] In the third example, no band for setting 
standby-system virtual paths is ensured during normal 
operation, and a maximum band allowed for physical 
resources is used for services. A band for other normal 
virtual paths is limited in the even 6f .;a fault to ensure a 

20 band necessary for standby-system virtual paths, thus 
establishing standby-system virtual paths. 
[0064] In the fourth example, a single system 
accommodates subscribers who require no dual protec- 
tion and subscribers who requires dual protection. 

25 [0065] The operation of the second embodiment 
having this arrangement will be described next. For the 
sake of simplicity, assume that the number of ONUs is 
four. i.e.. n = 4. 

[0066] Fig. 1 1 shows an example of how a first vir- 

30 tual path is set. Fig. 1 1 shows a state wherein the virtual 
path VP1a is established for the ONU 71 by using the 0- 
system. and a virtual path VP2a is established for the 
ONU 72. In this state, the OLT 6 exchanges signals with 
the subscriber terminals 91 and 92 through the virtual 

35 paths VP1 a and VP2a. At this time, the SELs 81 and 82 
of the ONUs 71 and 72 respectively select the 0-system 
transmission/reception sections 31a and 32a. 
[0067] In addition, virtual paths VP3a and VP4a are 
respectively established for the ONUs 73 and 74 by 

40 using the 1 -system. In this state, the OLT 6 exchanges 
signals with the subscriber terminals 93 and 94 through 
the virtual paths VP3a and VP4a. At this time, the SELs 
83 and 84 of the ONUs 73 and 74 respectively select 1 - 
system transmission/receptions 33b and 34b. 

45 [0068] On the other hand, standby-system virtual 
paths VP3b and VP4b corresponding to the virtual 
paths VP3a and VP4a are set by using the 0-system. In 
addition, standby-system virtual paths VPIb and VP2b 
corresponding to the virtual paths VPla and VP2a are 

so set by using 1 -system. 

[0069] In a normal case, communication is per- 
formed by using the virtual paths VP1 a, VP2a, VP3a, 
and VP4a. If faults occur in the respective virtual paths 
VP1a. VP2a. VP3a. and VP4a, the control section 10 of 

55 the OLT 6 instructs the switch 4 to switch to the standby- 
system virtual paths VP 1b, VP2b, VP3b. and VP4b and 
reconnect them to the corresponding ONUs. 
[0070] The control section 10 sends switching 
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request signals for the SELs 81 and 82 to the 1 -system 
transmission/reception sections 31b and 32b of the 
ONUs 71 and 72 by using the standby-system virtual 
paths VP 1b and VP2b, respectively. At the same time, 
the control section 10 sends switching request signals s 
for the SELs 83 and 84 to the 0-system transmis- 
sion/reception sections 33a and 34a of the ONUs 73 
and 74 by using the standby-system virtual paths VP3b 
and VP4b, respectively. 

[0071] The transmission/reception sections 31b, io 
32b, 33a, and 34a of the ONUs 71 to 74 receive the 
switching request signals from the OLT 6, and notify the 
control sections 1 1 1 to 1 14 of the signals. Upon recep- 
tion of these notifications, the respective control sec- 
tions 1 1 1 to 1 1 4 switch the SELs 81 to 84 to resume the is 
communication with target subscriber terminals. 
[0072] Assume that each of the 0-system transmis- 
sion/reception section 1a and 1 -system transmis- 
sion/reception section 1b of the OLT 6 has a band of 
"100" (a band of "100" per system), and the bands are 20 
assigned as follows: 

virtual path VP 1a = 40 
virtual path VP2a = 40 

virtual path VP3a = 40 25 
virtual path VP4a = 40 
virtual path VPlb = 10 
virtual path VP2b = 10 
virtual path VP3b = 10 

virtual path VP4b = 10 30 

In this case, each of the subscriber terminals 91 to 94 
can use only a band of "10" in the event of a fault, but 
can use a band of "40" in normal operation. That is, a 
band of "160 (= 40 x 4)" can be used for services as a 35 
whole. Therefore, services can be provided beyond a 
band of "100" that is obtained by fully using one system 
in the conventional scheme, and protection against 
faults can be guaranteed. 

[0073] The second virtual path setting example will 40 
be described next with reference to Fig. 12. As in the 
first virtual path setting example, the virtual paths VP 1a 
to VP4a are respectively set for the subscriber terminals 
91 to 94. In this state, a virtual path VP6 is set to switch 
the virtual path VP 1a or VP2a that has become abnor- 45 
mal. In addition, a virtual path VP5 is set to switch the 
virtual path VP3a or VP4a that has become abnormal. 
[0074] Assume that each of the 0-system transmis- 
sion/reception section 1a and 1 -system transmis- 
sion/reception section lb of the OLT 6 has a band of so 
"100", and the respective bands are assigned as fol- 
lows: 

virtual path VP1a = 33 

virtual path VP2a = 33 55 
virtual path VP3a = 33 
virtual path VP4a = 33 
virtual path VP5 = 33 



virtual path VP6 = 33 

[0075] In this case, in normal operation, the total 
band that can be used for services is "132 (= 33 x 4)". 
That is, services can be provided beyond a band of 
"100" that is obtained by fully using one system in the 
conventional scheme. 

[0076] In this setting example, if one of the virtual 
paths VP la and VP2a become abnormal, the virtual 
path can be restored by directly switching to the virtual 
path VP6. In addition, if both the virtual paths VPla and 
VP2a become abnormal at once, the respective virtual 
paths are set again such that the subscriber terminals 
91 to 94 share a band of "100" held by the 1 -system 
transmission/reception section 1b of the OLT 6. With 
this operation, protection against faults can be guaran- 
teed. The same applies to switching operation for the 
virtual paths VP3a and VP4a in the event of faults. 
[0077] The third virtual path setting example will be 
described next with reference to Fig. 13. As in the first 
virtual path setting example, the virtual paths VP 1a to 
VP4a are set for the subscriber terminals 91 to 94. 
[0078] Assume that each of the 0-system transmis- 
sion/reception section 1a and 1 -system transmis- 
sion/reception section 1b of the OLT 6 has a band of 
"100", and the respective bands are assigned as fol- 
lows: 

virtual path VP1a = 50 
virtual path VP2a = 50 
virtual path VP3a = 50 
virtual path VP4a = 50 

[0079] In this case, in normal operation, the total 
band that can be used for services is "200 (= 50 x 4)". 
That is, services can be provided beyond a band of 
"100" that is obtained by fully using one system in the 
conventional scheme. 

[0080] In this setting example, no band is set in 
advance to reset a virtual path when it becomes abnor- 
mal. Every time an abnormality occurs in a virtual path, 
the band that has been used by normal virtual paths is 
limited, and the surplus band is used to restore the 
abnormal virtual path. This makes it possible to guaran- 
tee protection against faults. 

[0081] The fourth virtual path setting example will 
be described next with reference to Fig. 14. As in the 
first virtual path setting example, the virtual paths VPla 
to VP4a are set for the subscriber terminals 91 to 94. 
Assume that there is no need to provide protection for 
only services given to the subscriber terminal 92. 
Therefore, the ONU 72 requires only one transmis- 
sion/reception section (1 -system transmission/recep- 
tion section 32a is used in Fig. 14). 
[0082] In this setting example, communication is 
performed by using the virtual paths VP1a, VP2a, 
VP3a. and VP4a in normal operation. When faults occur 
in the virtual paths VP 1a, VP3a, and VP4a, except for 
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the virtual path VP2a, the control section 10 of the OLT 
6 instructs the switch 4 to switch to the standby-system 
virtual paths VPlb, VP3b. and VP4b so as to resume 
the communication with the target subscriber terminals. 
[0083] In this case as well, active- and standby-sys- 
tem virtual paths can be set in arbitrary bands within the 
range of the maximum band held by the physical 
resources. 

[0084] As described above, in the second embodi- 
ment, virtual paths are switched by the switch 4 without 
discriminating physically different systems between an 
active system and a standby system. Since this makes 
it possible to establish a standby-system path to a target 
ONU through physically different transmission paths, 
network design can be performed with a high degree of 
freedom. As a consequence, active-system virtual 
paths can be provided by efficiently using limited physi- 
cal resources, and standby-system virtual paths can be 
flexibly prepared ^accordance with services. 
[0085] Fig. 1 5 shows a protection switching appara- 
tus for a PON system according to the third embodiment 
of the present invention. :h 
[0086] Referring to Fig. 15, in an OLT 6, transmis- 
sion/reception sections 11 to 13 are connected to differ- 
ent ports of a switch 4. The transmission/reception 
section 11 of the OLT 6 is connected to transmis- 
sion/reception sections 311a to 31 na of ONUs 711 to 
71 n through a photocoupler 21. The transmis- 
sion/reception section 12 of the OLT 6 is connected to 
transmission/reception sections 321a to 32na of ONUs 
721 to 72n through a photocoupler 22. The transmis- 
sion/reception section 13 is connected to transmis- 
sion/receptions 31 1b to 31nb of ONUs 71 1 to 71n and 
transmission/reception sections 321b to 32nb of the 
ONUs 721 to 72n through a photocoupler 23. 
[0087] In normal operation, virtual paths are set for 
subscriber terminals 911 to 91 n through the transmis- 
sion/reception section 11 of the OLT 6. In addition, vir- 
tual paths are set for subscriber terminals 921 to 92n 
through the transmission/reception section 12 of the 
OLT 6. It is taken for granted that these virtual paths 
rarely become abnormal at once. For this reason, every 
time an abnormality occurs in an active-system virtual 
path, a standby-system virtual path is set again by using 
the band held by the transmission/reception section 13, 
That is, the transmission/reception sections 11 and 12 
serve as 0-system transmission/reception sections, 
whereas the transmission/reception section 13 serves 
as a 1 -system transmission/reception section. 
[0088] With this arrangement, the single transmis- 
sion/reception section 13 can provide protection for the 
ONUs 711 to 771 n and 721 to 72n connected to the 
transmission/reception sections 1 1 and 12 in the OLT 6. 
Note that the number of transmission/reception sections 
in the OLT 6 may be four or more, and the number of 
ONU groups may be three or more. 
[0089] Fig. 1 6 shows a protection switching appara- 
tus for a PON system according to the fourth embodi- 



ment of the present invention. 

[0090] The fourth embodiment is a modification to 
the first embodiment. More specifically, control sections 
1 1 1 to 1 1n are additionally arranged in the ONUs 71 to 

5 7n in Fig. 1 , and the control sections 1 1 1 to 1 1 n perform 
selective control on SELs 81 to 8n to switch 0-system 
transmission/receptions 31 a to 3na and 1 -system trans- 
mission/receptions 31b to 3nb of the ONUs 71 to 7n. 
The arrangement of the remaining portion is the same 

10 as that in Fig. 1 . The same reference numerals as in Fig. 
1 denote the same parts in Fig. 16, and a description 
thereof will be omitted. 
_ [0091] The operation of the protection switching 
apparatus having the above arrangement will be 

15 described below. 

[0092] Referring to Fig. 17, when a 0-system trans- 
mission/reception section 1a of a OLT 6 is connected to 
the 0-system transmission/reception section 31a of the 
ONU 71 through a photocoupler 2a and optical fiber 

20 1 1a, a virtual path VP1a is established between a sub- 
scriber terminal 91 and the 0-system transmis- 
sion/reception section 1a of the OLT 6 in accordance 
with the setting of a switch 4. When a 1 -system trans- 
mission/reception section 1b of the OLT 6 is connected 

25 to the 1 -system transmission/reception section 31b of 
the ONU 71 through a photocoupler 2b and optical fiber 
21b. a virtual path VP1b is established between the 
subscriber terminal 91 and the 1 -system transmis- 
sion/reception section 1b of the OLT 6 in accordance 

30 with the setting of the switch 4. 

[0093] In the case shown in Fig. 17, the subscriber 
terminal 91 can communicate with both the 0-system 
transmission/reception section 1a and 1 -system trans- 
mission/reception section 1b of the OLT 6. 

35 [0094] Switching operation from an active-system 
virtual path under normal communication operation to a 
standby-system virtual path will be described next with 
reference to Fig. 18. 

[0095] Referring to Fig. 18, the bold lines indicate 
40 established virtual paths VP1 and VP2. The virtual path 
VP1 is established through the following route: switch 4 
- 0-system transmission/reception section 1 a of the OLT 
6 - photocoupler 2a - optical ftoer 11a- 0-system trans- 
mission/reception section 31a of the ONU 71 - SEL 81 - 
45 subscriber terminal 91. Communication is performed 
between the 0-system transmission/reception section 
1a and the subscriber terminal 91 through the virtual 
path VP1. The virtual path VP2 is established through 
the following route: 6witch 4 - 0-system transmis- 
so sion/reception section 1 a of the OLT 6 - photocoupler 2a 
— optical ftoer 12a - 0-system transmission/reception 
section 32a in an ONU 72 - SEL 82 - subscriber terminal 
92. Communication is performed between the 0-system 
transmission/reception section 1a and the subscriber 
55 terminal 92 through the virtual path VP2. 

[0096] In the case shown in Fig. 18. therefore, the 
virtual path VP1 takes charge of communication 
between the OLT 6 and the subscriber terminal 91 . and 
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the virtual path VP2 takes charge of communication 
between the OLT 6 and subscriber terminal 92. 
[0097] In a normal communication state shown in 
Fig. 18, the switch 4 operates in the manner shown in 
Fig. 19. Like Fig. 4, Fig. 19 shows the flows of signals. 5 
More specifically, ATM cell #1 to be transmitted to the 
ONU 71 is transmitted to the 0-system transmis- 
sion/reception section 31a of the ONU 71 through the 
switch 4, 0-system transmission/reception section 1a, 
photocoupler 2a, and virtual path VP1. ATM cell #2 to io 
be transmitted to the ONU 72 is transmitted to the 0- 
system transmission/reception section 32a of the ONU 
72 through the switch 4, 0-system transmission/recep- 
tion section 1a, photocoupler 2a, and virtual path VP2. 
[0098] In this case, both the ATM cells #1 and #2 is 
pass through the 0-system transmission/reception sec- 
tion 1a. In addition, the switch 4 has the function of out- 
putting ATM cells #1 and #2 to corresponding ports of 
the switch 4 in accordance with the values of headers 
H1 and H2 of ATM cells #1 and #2. 20 
[0099] Assume that in the normal communication 
state shown in Fig. 18, an abnormality (e.g., disconnec- 
tion) occurs in the virtual path VP1 between the photo- 
coupler 2a and the 0-system transmission/reception 
section 31a of the ONU 71. as indicated by "X" in Fig. 25 
20. In this case, only a signal from the ONU 71 does not 
arrive at the 0-system transmission/reception section 1a 
in the OLT 6. The 0-system transmission/reception sec- 
tion 1a of the OLT 6 detects the abnormality in the com- 
munication state of the virtual path VP1, and sends a 30 
warning signal to the control section 10 of the OLT 6. 
[0100] Upon reception of the warning signal from 
the 0-system transmission/reception section 1a, the 
control section 10 controls the switch 4 to change the 
setting of virtual paths. As a consequence, the switch 4 35 
switches the virtual path VP1 to the virtual path VP 1a, 
as shown in Fig. 21. That is. the virtual path VP 1a is 
established through the following route: 1 -system trans- 
mission/reception section lb of the OLT 6 - photocou- 
pler 2b - optical fiber 21b - 1 -system 40 
transmission/reception section 31b of the ONU 71. As a 
consequence, the communication between the OLT 6 
and the ONU 71 can be resumed. 
[0101] At this time, the virtual path VP2 used for 
communication between the OLT 6 and the ONU 72 is 45 
kept used for the communication without being affected. 
[0102] Fig. 22 shows the flows of signals through 
the switch 4 at the time of switching from the virtual path 
VP1 to the virtual path VP 1a. 

[0103] Referring to Fig. 22, in accordance with the so 
setting of a virtual path for the switch 4. ATM cell #1 to 
be transmitted to the ONU 71 is transmitted to the vir- 
tual path VP 1a formed by the following route: switch 4 - 
1 -system transmission/reception section 1b in the OLT 
6 - photocoupler 2b - optical fiber 21 b. ATM cell #2 to be 55 
transmitted to the ONU 72 is transmitted to the virtual 
path VP2 formed by the following route: switch 4 - 0-sys- 
tem transmission/reception section 1a of OLT 6 - photo- 



coupler 2a - optical fiber 12a - 0-system 
transmission/reception section 32a of the OLT 6. 
[01 04] In accordance with the values of the headers 
H1 and H2 added to the cells, these ATM cells #1 and 
#2 are distributed to the corresponding ports of the 
switch 4. 

[0105] The operation of the SEL 81 of the ONU 71 
upon the above switching from the virtual path VP 1 to 
the virtual path VP 1a will be described next with refer- 
ence to Fig. 23. 

[01 06] Referring to Fig. 23, the control section 10 of 
the OLT 6 controls the switch 4, and transmits a switch- 
ing request signal to the ONU 71 through the virtual 
path VP 1a established in the above manner. Upon 
reception of the switching request signal from the OLT 
6, the 1 -system transmission/reception section 31b of 
the ONU 71 notifies the control section 1 11 of the SEL 
switching signal. 

[01 07] Upon reception of the SEL switching signal, 
the control section 111 outputs a switching control sig- 
nal to the SEL 81 of the ONU 71 . In accordance with the 
switching control signal from the ONU 71. the SEL 81 
switches the 0-system transmission/reception section 
31a of the ONU 71 to the 1 -system transmission/recep- 
tion section 31b, and connects the subscriber terminal 
91 to the 1 -system transmission/reception section 31b 
through the SEL 81. With this operation, a signal from 
the 1 -system transmission/reception section 31b of the 
ONU 71 is transmitted to the subscriber terminal 91 
through the SEL 81 . As a consequence, the communi- 
cation between the OLT 6 and the subscriber terminal 
91 can be resumed through the virtual path VP1a. 
[0108] According to the fourth embodiment, since 
the control sections 111 to 11 n of the ONUs 71 to 7n 
perform switching control on the 0-system transmis- 
sion/reception section and 1 -system transmis- 
sion/reception section more reliably, communication 
between each subscriber terminal and the OLT can be 
reliably established, and a network can be flexibly 
designed. 

[0109] In each embodiment described above, opti- 
cal transmission paths constituted by the photocouplers 
2a and 2b and optical fibers 1 1a to 1na and 21b to 2nb 
are used as transmission paths. However, the present 
invention is not limited to this, and may be applied to a 
case wherein a coaxial cable or another kind of metal 
line is used as a transmission path. 
[0110] In each embodiment described above, an 
abnormality due to disconnection of the virtual path VP1 
is assumed to be an example of an abnormal communi- 
cation state. However, in addition to this abnormal state, 
the present invention can be applied to abnormal states 
wherein, for example, one or a plurality of the 0-system 
transmission/receptions 31a to 3na and 1 -system trans- 
mission/receptions 31b to 3nb of the ONUs 71 to 7n has 
failed, the photocouplers 2a and 2b have failed, and 
SELs 81 to 8n have failed. 

[01 1 1 ] In each embodiment described above, when 
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the virtual path VP1 is to be switched to the virtual path 
VP1a by using the ATM system, this switching operation 
is performed by distributing ATM cells #1 and #2 to ports 
of the switch 4 in accordance with the values of the 
headers H1 and H2 of the ATM cells #1 and #2. How- 5 
ever, the present invention is not limited to this and can 
be applied to an STM (Synchronous Transfer Mode) 
PON system. In this case, a virtual path may be estab- 
lished by determining specific ports of the switch 4 for 
which data are to be destined in accordance with the w 
time slots of frames output from the control section 10 in 
a predetermined cycle. 

[0112] Each embodiment described above has 
been described in association with the occurrence of an 
abnormality in the virtual path VP1 . Even if, however, an is 
abnormality occurs in another portion, e.g., in the opti- 
cal fiber 22b before the establishment of a virtual path, 
a virtual path can be established by switching the switch 
4 to allow communication between the OLT 6 and the ; 
subscriber terminal 92. 20 
[0113] In this case, when the 1 -system transmis- 
sion/reception section 1b in the OLT 6 detects the 
abnormality in the optical fiber 22b while the virtual path 
VP2 shown in Fig. 21 is not established, and outputs a 
warning signal, the control section 10 controls the 25 
switch 4 to switch ports: With this operation, the virtual 
path VP2 is established by the following route: switch! 4 
- 0-system transmission/reception section 1a of the C)LT 
6 - photocoupler 2a - optical fiber 12a - 0-system trans- 
mission/reception section 32a of the ONU 72. At the 30 
same time, the 0-system transmission/reception section 
32a of the ONU 72 is selected by the SEL 82 and con- 
nected to the subscriber terminal 92. This allows com- 
munication between the subscriber terminal 92 and the 
OLT 6. 35 
[0114] In each embodiment described above, vir- 
tual paths are switched in the event of an abnormality in 
one optical fiber, i. e. , a transmission path of one system. 
However, the virtual paths between the OLT 6 and the 
ONUs 71 to 7n can be simultaneously switched by the 40 
switch 4. 

[0115] In this case, when the 0-system transmis- 
sion/receptions 31a to 3na of the ONUs 71 to 7n simul- 
taneously transmit warning signals indicating 
communication abnormalities, the control section 10 of 45 
the OLT 6, which has received these warning signals, 
simultaneously switches the ports of the switch 4 to 
simultaneously switch the virtual paths from the active 
system between the OLT 6 and the ONUs 71 to 7n to 
the standby system. In addition, when the ONUs 71 to so 
7n. which have accessed signals distributed from the 
OLT 6, simultaneously output warning signals^ the con- 
trol section 10 may simultaneously switch predeter- 
mined ports of the switch 4 upon reception of the 
signals. 55 
[01 1 6] As has been described above, in the protec- 
tion switching method and apparatus for the PON sys- 
tem according to the present invention, only a path to be 



restored can be easily switched to a standby-system 
path without affecting communication through a normal 
virtual path in the PON system, and the communication 
can be continued. This makes it possible to easily 
switch virtual paths without causing any short break and 
the like in normal apparatuses. 

Claims 

1. A protection switching method for a passive optical 
network system including . 

an optical line terminal (6) for switching 
between a first active-system transmis- 
sion/reception section (1a) and a first standby- 
system transmission/reception section (1b) by 
using a switch (4), 

a plurality of network units (71 -7n) for selec- 
i • ! :i tive| y connecting second active-system trans- 
\.missiqn7reception sections (31a) and second 
standby-system • transmission/reception sec- 
tions (31b) to subscriber terminals (91 - 9n) 
upon switching said sections through Selectors 
(81) in the event of a communication abnormal- 
ity, and 

transmission paths (11a - 1na. 21b - 2nb) for 
star-connecting said second active-system 
transmission/reception sections to said first 
active-system transmission/reception section, 
and also star-connecting said second standby- 
system transmission/reception sections to said 
first standby-system transmission/reception 
section, characterized by comprising the steps 
of: 

detecting a communication abnormality in at 
least one active-system virtual path estab- 
lished between said optical line terminal and 
m . said subscriber terminal through said transmis- 
sion path and said network unit; and 
upon detection of a communication abnormal- 
ity in the active-system virtual path, causing 
said switch to switch the transmission paths to 
establish a standby-system virtual path 
between said optical line terminal and said 
subscriber terminal serving as a communica- 
tion partner. 

2. A method according to claim 1 , wherein 

the method further comprises the step of simul- 
taneously transmitting warning signals indicat- 
ing communication abnormalities from said 
network units, and 

the step of establishing comprises the step of 
simultaneously switching a plurality of active- 
system virtual paths between said optical line 
terminal and said subscriber terminals to a plu- 
~> raJrty of standby-system virtual paths by simul- 
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taneously switching/controlling all ports of said 
switch in said optical line terminal upon recep- 
tion of the warning signals. 

3. A method according to claim 1 , wherein s 

the method further comprises the step of simul- 
taneously transmitting warning signals indicat- 
ing communication abnormalities from said 
network units which have accessed signals dis- 10 
tributed from said optical line terminal, and 
the step of establishing comprises the step of 
simultaneously switching a plurality of active- 
system virtual paths between said optical line 
terminal and said subscriber terminals to a plu- 15 
rality of standby-system virtual paths by simul- . 
taneously switch ing/controlling predetermined 
ports of said switch in said optical line terminal 
upon reception of the warning signals. 

20 

4. A method according to claim 1 , 2 or 3, further com- 
prising the steps of: 

transmitting a selector switching signal from 
said optical line terminal to said network unit 25 
when a communication abnormality in the 
active-system virtual path is detected; and 
selectively switching said active-system trans- 
mission/reception section and said standby- 
system transmission/reception section in said 30 
network unit when the selector switching signal 
is received. 

5. A method according to claim 1, 2, 3 or 4, further 
comprising the step of setting an active-system vir- 35 
tual path and a standby-system virtual path 
between said optical line terminal and said sub- 
scriber terminal in different bands. 

6. A method according to any one of claims 1 to 5, 40 
wherein the method further comprises the step of 
setting, in different bands, a plurality of first active- 
system virtual paths running through said first and 
second active-system transmission/reception sec- 
tions, a plurality of second active-system virtual 45 
paths running through said first and second 
standby-system transmission/reception sections, 
first stancfoy-system virtual paths running through 
said first and second active-system transmis- 
sion/reception sections, and second standby-sys- so 
tern virtual paths running through said first and 
second standby-system transmission/reception 
sections, and 

the step of establishing comprises the step of 55 
switching the virtual path to one of the first and 
second standby-system virtual paths through 
said switch when a communication abnormality 



is detected in one of the first and second 
active-system virtual paths. 

7. A method according to claim 6, further comprising 
the step of resetting the second active-system vir- 
tual path and the second standby-system virtual 
path to share a band assigned to said first active- 
system transmission/reception section when com- 
munication abnormalities are detected in all said 
first active-system virtual paths. 

8. A method according to claim 6, further comprising 
the step of resetting the first active-system virtual 
path and the first standby-system virtual path to 
share a band assigned to said first active-system 
transmission/reception section when communica- 
tion abnormalities are detected in all said second 
active-system virtual paths. 

9. A method according to any one of claims 1 to 8, 
wherein the method further comprises the step of 
setting a plurality of active-system virtual paths in 
different bands, and 

the step of establishing comprises the step of, 
when a communication abnormality occurs in 
one of the. active-system virtual paths, limiting a 
band set for the remaining normal active-sys- 
tem virtual paths and using a surplus band as a 
standby-system virtual path. 

10. A method according to any one of claims 1 to 8, 
wherein the method further comprises the step of 
setting a plurality of active-system virtual paths and 
a plurality of standby-system virtual paths, and 

the step of establishing further comprises the 
step of switching active-system virtual paths, 
except for an active-system virtual path 
assigned to a specific subscriber terminal for 
which no protection is required, to standby-sys- 
tem virtual paths, except for a standby-system 
virtual path assigned to said specific subscriber 
terminal, in the even of communication abnor- 
malities in the active-system virtual paths 
except for the active-system virtual path 
assigned to said specific subscriber terminal. 

11. A method according to any one of claims 1 to 8, 
wherein the method further comprises the steps of: 

setting a plurality of active-system virtual paths 
between said subscriber terminal and a plural- 
ity of first transmission/reception means corre- 
sponding to said active-system 
transmission/reception section; and 
setting a standby-system virtual path between 
said subscriber terminal and second transmis- 
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sion/reception means corresponding to said 
stanby-system transmission/reception section, 
and 

the step of establishing comprises the step of, 
when an-abnormality is detected in an active- s 
system virtual path, switching the active-sys- 
tem virtual path in which the abnormality is 
detected to a standby-system virtual path by 
using a band held by said second transmis- 
sion/reception means. 10 



tern virtual path and a standby-system virtual 
path. 

13. An apparatus according to claim 12, wherein the 
transmission path is formed from a metal line. 

14. An apparatus according to claim 12, wherein the 
transmission path is formed from a coaxial cable. 

15. An apparatus according to claim 12, wherein 



the transmission path is an optical transmission 
path, and 

said network unit is an optical network unit 



1 2. A protection switching apparatus for a PON system 
characterized by comprising: 

an optical line terminal (6) having a first active- 
system transmission/reception section (1a) 
and a first standby-system transmission/recep- 
tion sect on (1b) for transmitting/receiving sig- 
nals and detecting communication 
abnormalities in transmission paths (1 1a - 1na, 
21b -2nb); 

a plurality of network units (71 - 7n) each hav- 
ing a second active-system transmis- 
sion/reception section (31a) and a second 
standby-system transmission/reception section 
(31b) respectively connected to said first 
active-system transmission/reception section 
and said standby-system transmission/recep- 
tion section through the transmission paths, 
said network units being star-connected to said 
optical line terminal through the transmission 
paths; 

selectors (81 - 8n) which are respectively 
arranged in said network units to select said 
second active-system transmission/reception 
section and said second standby-system trans- 
mission/reception section connected to normal 
transmission paths, one of said selected sec- 
ond active-system transmission/reception sec- 
tion and said selected second standby-system 
transmission/reception section being con- 
nected to subscriber terminals (91 - 9n); 
a switch (4) which is arranged in said optical 
line terminal to establish a virtual path between 
said optical line terminal and said network unit 
by switching and connecting the transmission 
path between said first active-system transmis- 
sion/reception section and said first standby- 
system transmission/reception; and 
a first control section (10) which is arranged in 
said optical line terminal to control said switch, 
upon detection of a communication abnormal- 
ity in the transmission path, so as to switch the 
abnormal transmission path to a normal trans- 
mission path, thereby reestablishing a virtual 
path to said subscriber terminal in which the 
communication abnormality has occurred, the 
virtual path being constituted by an active-sys- 



16. An apparatus according to claim 15, wherein the 
optical transmission paths respectively star-con- 
: c - ne 9* said second active-system transmis- 
sion/reception section . and said second standby - 
20 system transmission/reception section to said first 
active-system transmission/reception section and 
said first standby-system transmission/reception 
section through photocouplers. 

25 17. An apparatus according to any one of claims 12 to 

16. wherein said switch outputs an ATM cell to one 
of a plurality of ports, to which said first active-sys- 
tem transmission/reception section and said first 
standby-system transmission/reception section are 

30 connected, in accordance with a header value 
added to the ATM cell. 

18. An apparatus according to any one of claims 12 to 

17, wherein said switch determines an output port 
35 for data in a synchronous transfer mode in accord- 
ance with a time slot of a frame. 

19. An apparatus according to any one of claims 12 to 

18, wherein 

40 

said network units transmit warning signals 
indicating communication abnormalities in the 
transmission paths, and 
said first control section switches/controls all 
45 ports of said switch to simultaneously switch 

virtual paths between said optical line terminal 
and said subscriber terminals from active-sys- 
tem virtual paths to standby-system virtual 
paths upon simultaneously receiving the warn- 
so ing signals from said network units. 

20. An apparatus according to any one of claims 12 to 

19. wherein said network units which have 
accessed signals distributed from said optical line 

55 terminal transmit warning signals indicating com- 
munication abnormalities in the transmission paths, 
and 
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said first control section switches/controls pre- 
determined ports of said switch to simultane- 
ously switch virtual paths between sajdoptical 
line terminal and said subscriber * terminals 
from active-system virtual pathsl td standby- 5 
system virtual paths upon simultaneously 
receiving the warning signals from said net- 
work units. 

21. An apparatus according to any one of claims 12 to 10 

20, wherein said first control section transmits a 
selector switching signal to said network unit when 
a communication abnormality is detected in the 
transmission path, and " :r. i 

15 

said network unit comprises a second control 
section (111 - 1 1 n) for controlling said selector 
to selectively switch said second active-system 
transmission/reception section and said sec- 
ond standby-system transmission/reception 20 
section upon reception of the selector switch- 
ing sighal from said optical line terminal. 

22. An apparatus according to any one of claims 12 to 

21 , wherein the active-system virtual path and the 25 
standby-system virtual path between said optical 
line terminal and said subscriber terminal are set in 
different bands. 

23. An apparatus according to any one of claims 12 to 30 

22, wherein the virtual path comprises a plurality of 
first active-system virtual paths running through 
said first and second transmission/reception sec- 
tions, a plurality of second active-system virtual 
paths running through said first and second 35 
standby-system transmission/reception sections, a 
first standby-system virtual path running through 
said first and second active-system transmis- 
sion/reception sections, and a second standby-sys- 
tem virtual path running through said first and 40 
second standby-system transmission/reception 
sections, the first and second active-system virtual 
paths and the first and second standby-system vir- 
tual paths being set in different bands, and 

45 

said first control section controls said switch to 
switch the virtual path to one of the first and 
second standby-system virtual paths when a 
communication abnormality is detected in one 
of the first and second active-system virtual so 
paths. 

24. An apparatus according to claim 23, wherein when 
communication abnormalities are detected in all the 
first active-system virtual paths, a second active- ss 
system virtual path and a second standby-system 
virtual path are reset to share a band assigned to 
said first standby-system transmission/reception 



section. 

25. An apparatus according to claim 23, wherein when 
communication abnormalities are detected in all the 
second active-system virtual paths, a first active- 
system virtual path and a first standby-system vir- 
tual path are reset to share a band assigned to said 
first active-system transmission/reception section. 

26. An apparatus according to any one of claims 12 to 
25, wherein a plurality of active-system virtual paths 
are set in different bands, and 

when a communication abnormality is detected 
in an active-system virtual path, a band set for 
remaining normal active-system virtual paths is 
limited, and a surplus band is used as a 
standby-system virtual feath. U 

27. An apparatus according to any one of claims 12 to 
25, wherein a plurality of active-system virtual paths 
and a plurality of standby-system virtual paths are 
set, and 

said first control section controls said switch, in 
the event f of communication abnormalities in 
active-system virtual /paths - except for an 
active-system virtual path assigned to a spe- 
cific subscriber terminal for which no protection 
is required, so as to switch the active-system 
virtual paths in which the communication 
abnormalities have occurred to standby-sys- 
tem virtual paths except for a standby-system 
virtual path assigned to said specific subscriber 
terminal. 

28. An apparatus according to any one of claims 12 to 
25, wherein a plurality of active-system virtual paths 
are set between said subscriber terminals and a 
plurality of first transmission/reception means cor- 
responding to said active-system transmis- 
sion/reception sections, 

a standby-system virtual path forming a virtual 
Jpath is set between said subscriber terminal 
and second transmission/reception means cor- 
responding to said stanby-system transmis- 
sion/reception section, and 
when an abnormality is detected in an active- 
system virtual path, the active-system virtual 
path in which the abnormality has been 
detected is switched to a standby-system vir- 
tual path by using a band held by said second 
transmission/reception means. 
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